A growth trial was conducted on 160 pigs to evaluate the effect of different types of feed additives on performance. The barley-oats-soyabean meal-based diets were supplemented with either carbadox (0 or 50 mg/kg) or potato fibre (Povex, 0 or 20 g/kg) in the growing period, or with formic acid (0 or 8 g/kg, 85% v/w) throughout the trial. No interactions between the feed additives were observed. Both carbadox and formic acid improved, but potato fibre tended to impair the performance of growing pigs (22-51 kg liveweight, LW). Formic acid did not affect the performance of the finishing pigs (51-102 kg LW). In the finishing period the pigs fed grower diets without carbadox or formic acid compensated fully for their reduced performance. The performance of pigs fed grower diets with potato fibre remained poorer than that of pigs fed without addition of fibre.
INTRODUCTION
The routine use of antimicrobial feed additives in order to prevent diarrhoea and growth delay in young pigs is being increasingly questioned due to the development of resistant bacteria in animals (Mathew et al, 1998) , and the transfer of resistance to humans (Nijsten et al., 1994) . Therefore, safer alternatives to feed antimicrobials are needed. The growth-promoting effect of organic acids, such as formic acid, have been demonstrated in growing-finishing pigs (Baustad, 1993; Kirchgessner et al., 1997; 0verland and Lys0, 1997) , but few studies have separated their effects between the growing and finishing periods.
It has also been suggested that dietary inclusion of pectin-rich non-starch polysaccharides, which have a high water-holding capacity, could decrease the risk of diarrhoea by preventing the attachment and development of pathogens in the small 206 ADDITIVES FOR GROWING PIGLETS intestine (Decuypere and Spriet, 1995; Goransson et al., 1995) . However, little information exists on their efficiency in growing pigs.
The aim of our study was to evaluate the effects on pig performance of carbadox and potato fibre supplementation of grower diets, and formic acid supplementation of grower and finisher diets.
MATERIAL AND METHODS
A total of 160 pigs with an average initial weight of 22 kg were used in the growth trial. Two gilts and two barrows were randomly selected for each pen, and the pens were randomly allotted to eight dietary treatments, five pens to each treatment. Pelleted basal grower and finisher diets were formulated to contain 8.6 g and 7.7 g/kg ileal digestible lysine and a similar net energy (NE) content (1.03 feed units/kg; 1 FU = 9.3 MJ NE). The main dietary ingredients were barley, oats and soyabean meal (609, 130 and 175 g/kg for grower and 660, 120 and 135 g/kg for finisher diets, respectively). Both feeds contained 20 g/kg wheat syrup and 30 g/kg animal fat and were fortified with free lysine, methionine and threonine. Vitamins and minerals were added to fulfil the requirements of pigs.
The eight dietary treatments were arranged 2x2x2 factorially. The factors were the supplementation of the grower diet with either carbadox (0 or 50 mg/kg, days 1-33) or potato fibre (Povex, Lyckeby Starkelsen, Sweden, 0 or 20 g/kg, days 1 -26), or the supplementation of the grower and finisher diet with formic acid (0 or 8 g/kg , 85% v/w). Potato fibre was mixed into the diets before feeding. A restricted age-based feeding scale (1.2-3.2 kg feed/d) was used. The feeds were given twice daily in the form of wet mash.
The carbadox in the feeds was determined by high-performance liquid chromatography and formic acid with a commercial kit (Boehringer-Mannheim, 979 732). Potato fibre was analysed for water-holding capacity (Robertson and Eastwood, 1981 , with modifications) and dietary fibre (Theander et al., 1995) . The growth data were subjected to a least-squares analysis of variance with the effects of carbadox, potato fibre, formic acid and their interactions; and the interaction of carbadox, formic acid and potato fibre within the pen. The latter was used as an error term for the main effects and their interactions. Feed consumption was measured on a pen basis, and the pen effect was thus excluded from the model.
RESULTS AND DISCUSSION
The analysed carbadox content of the grower diets was, on average, 31 mg/kg. The formic acid content of the grower and finisher diets averaged 7.5 g and 6.4 g/kg, SILJANDER-RASI H. ET AL. The additive interactions were not significant (P>0.10). Each result is a mean of 20 pens of four pigs 208 ADDITIVES FOR GROWING PIGLETS respectively. Acidification lowered the feed pH by 1.1 units, a finding consistent with Baustad (1993) . The water-holding capacity of potato fibre was 13 g water/g feed and it contained 683 g dietary fibre/kg dry matter (DM) with a high proportion of galactose and uronic acids (149 and 191 g/kg DM).
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The pigs consumed their feed readily; feed refusals were only occasionally found. Their health status was good and their growth rate throughout the trial averaged 973 g/d. No significant interactions between the feed additives were found, although in earlier studies both organic acids (Edmonds et al., 1985) and fibre additives (Goransson et al., 1995) were reported to enhance the effect of antimicrobials. In the growing period, both carbadox and formic acid improved the daily weight gain and feed conversion ratio of the pigs. Potato fibre tended to retard the growth, which resulted in a lower liveweight at the end of the period (Table 1) . Responses to feed additives were, however, rather small (± 3-5%). Larger responses to carbadox have been obtained with young pigs and low performance levels (Raynaud, 1974) . The carbadox content in our grower diets was also lower than the recommended 50 mg/kg. The impairment of performance in pigs fed potato fibre may be due to the negative effect of pectin-rich dietary fibre on digestibility of energy and protein (Chabeauti et al., 1991) .
In the finishing period formic acid had no effect on the performance of pigs. This is in agreement with Kirchgessner et al. (1997) who supplemented pig diets with potassium diformate. The pigs fed grower diets without carbadox or formic acid compensated fully for their reduced growth, and their performance between 22 and 102 kg was similar to that of pigs fed with these additives. In earlier studies the effect of formic acid or its salts on performance in the total fattening period had been positive, although not always significant (Baustad, 1993; Kirchgessner et al., 1997; 0verland and Lys0, 1997) . No growth compensation was found in pigs fed grower diets with potato fibre. Their performance in the finishing period and throughout the trial was poorer than that of the pigs fed without fibre addition. The dietary treatments did not affect the carcass quality of the pigs.
It is concluded that carbadox and formic acid have a similar positive effect on performance in growing pigs, but the use of fibrous, water-holding feed additives may reduce the performance. Formic acid treatment of finishing pigs diets does not seem necessary.
